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(54) Coating material feeding apparatus and valve unit 


(57) A small-sized and inexpensive coating material 
feeding apparatus capable of feeding even a coating 
material comprising less miscible main agent and curing 
agent as in an aqueous two component mixed coating 
material, while uniformly mixing them, to a coating ma- 
chine or a coating material tank under extremely simple 
control, the apparatus comprising a measuring unit hav- 
ing a measuring cylinder for delivering the coating ma- 
terial ingredients each by an amount in accordance with 
the mixing ratio individually and simultaneously to the 
coating material tank, a storage unit having a transfer 
cylinder for storing the coating materia! prepared by mix- 
ing each of the coating material ingredients previously 
and then delivering the same to the coating machine or 
the coating material tank, and a valve unit formed with 
a switching valve for conducting channel switching, in 
which the coating material ingredients delivered from 
the measuring cylinder are pre-mixed in the channel stir- 
ring pre-mixer and a coating material delivered from the 
transfer cylinder is uniformly diffused and mixed in a jet- 
ting diffusion mixer. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention concerns a coating ma- 
terial feeding apparatus for feeding a coating material 
prepared by mixing two or more kinds of coating material 
ingredients at a predetermined ratio, particularly, an 
aqueous two-component mixed coating material com- 
prising a main agent and a curing agent to a coating ma- 
chine or a coating material tank equipped with or de- 
tachably mounted thereto. 

Statement of the Related Art 

[0002] In recent years, with a view point of global eco- 
nomical preservation, regulations for organic solvents 
and VOC regulations of coating materials in coating 
processes have become severer and, in order to cope 
with such demands, aqueous coating materials not us- 
ing organic solvents have been developed in the field of 
the coating industry and their markets have been ex- 
tended. 

[0003] In the coating of automobile bodies, among un- 
dercoatings, intercoatings and topcoatings, undercoat- 
ings have been opened usually by electro-deposition 
coating of aqueous coating materials, and most of or- 
ganic solvent type coating materials used so far for the 
intercoatings have now been replaced with aqueous 
coating materials or powder coating materials. 
[0004] Further, also for the topcoatings, almost of 
base coatings have been replaced with aqueous coating 
materials or powder coating materials except those for 
special colors. However, organic solvent type one-com- 
ponent or two-component mixed coating materials have 
to be used only for the clear coatings requiring higher 
quality, since aqueous coating materials capable of sat- 
isfying high coating quality in view of appearance, 
weather proofness, water proofness, chemical resist- 
ance, resistance to acid rains and scratch resistance are 
not present. 

[0005] However, aqueous two-component mixed 
coating materials using a main agent and a curing agent 
in admixture have been developed recently as aqueous 
clearcoatings of firm coating films having physical prop- 
erties comparable with those of organic solvent type 
component mixed coating materials. 
[0006] in the aqueous two-component mixed type 
coating material, a main agent comprising a water sol- 
uble or water dispersible polyol having hydroxyl groups 
as a base resin is mixed with a curing agent comprising 
a water dispersible polyisocyanate as a main ingredient 
and crossllnked and cured. 

[0007] However, in the aqueous two-component 
mixed coating material of this kind, the water dispersible 
polyol as the main agent is hydrophilic whereas the 


polyisocyante as the curing agent is hydrophobic, so 
that they tend to be separated like water and oil to result 
in a problem that uniform mixing is difficult by merely 
interposing a static mixer in a coating material feed 
s channel as in the case of the organic solvent type two- 
component mixed coating material. 
[0008] Accordingly, materials previously stirred and 
mixed mechanically by a blender or the like are fed to a 
coating machine. However, in a case of continuous coat- 
10 ing for a long time as in automobile coating, since the 
main agent and the curing agent start curing reaction 
upon mixing under stirring, the coating material is grad- 
ually cured during supply and the viscosity of the coating 
material changes to make the coating quality not con- 
's stant, or coating material remaining in the coating ma- 
terial feed pipeline is cured to cause clogging, or it is 
discharged from the coating machine and deposited on 
the surface of the coating film to possibly result in coat- 
ing failure of forming grits. 
20 [0009] In view of the above, as a means for feeding 
the aqueous two-component mixed coating material un- 
der complete mixing, it may be considered a method of 
feeding and mixing the main agent and the curing agent 
each at a flow rate in accordance with the mixing ratio 
25 constantly and at a high pressure to a jetting diffusion 
mixer. 

[0010] In this case, when a gear pump is used forthe 
supply of the main agent and the curing agent each at 
constant amount, while the gear pump is excellent in the 

so constant feeding performance at a low pressure, the 
main agent and the curing agent leak through gaps of 
the gear when a high pressure is exerted and constant 
feeding property can not be maintained. 
[0011] Particularly, during long time use, the gear is 

35 worn to cause leakage, and the mixing ratio varies by 
the error in the flow rate, or worn metal powder of the 
gear intrudes into the coating material to possibly cause 
coating failure. 

[0012] In addition, since the gear pumps for feeding 
40 the main agent and the curing agent have to be control- 
led individually at respective number of rotations previ- 
ously set in accordance with the mixing ratio, the control 
is troublesome, as well as motors are necessary for in- 
dividually driving the gears to result in a problem that 
45 the size of the apparatus is increased. 

[0013] On the other hand, since a cylinder pump is 
excellent in the constant feeding property and durable 
also to a high pressure, the main agent and the curing 
agent of the aqueous two-component mixed coating 
50 material can be fed with no previous mixing, but by mix- 
ing them just before use. 

[0014] In the actual lines, it is desirable that the control 
is extremely simple and compact so as not to in the way 
when installed in the coating line and, in addition, that 
55 the installation cost or running cost are inexpensive and 
the maintenance is easy. 

[0015] Regarding this, there is still left problems to be 
solved, for example, as described below. That is, it is 
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troublesome to arrange various kinds of pipelines such 
as pipelines for connecting each of the feed sources for 
the main agent and the curing agent with each of the 
cylinders, pipelines for guiding the main agent and the 
curing agent discharged from each of the cylinders to 
the mixer or the like and supply pipe lines and discharge 
pipelines for a hydraulic fluid that drives each of the pis- 
tons of the cylinders, or a number of valves are required 
for turning the pipelines on and off, which increases the 
number of parts and making control, assembling and 
maintenance operations troublesome. 

OBJECT OF THE INVENTION 

[0016] In view of the above, it is a technical subject of 
the present invention to provide a coating material feed- 
ing apparatus of feeding those coating materials such 
as aqueous two-component mixed coating materials in 
which the main agent and the curing agent are less mis- 
cible to the coating machine or the coating material tank, 
capable of uniformly mixing them under mixing, as well 
as capable of being controlled simply, disassembled 
and assembled easily, excellent in the cleaning property 
and the maintenance performance, reduced in the size 
and the cost. 

SUMMARY OF THE INVENTION 

[0017] For solving the subject, the present invention 
provides, in a firsts feature, a coating material feeding 
apparatus of feeding a coating material formed by mix- 
ing two or more kinds of coating material ingredients at 
a predetermined ratio to a coating machine or a coating 
material tank equipped or mounted detach ably to the 
coating machine, in which the coating material feeding 
apparatus comprises 

a measuring unit having a measuring cylinder for 
delivering the coating material ingredients each by an 
amount in accordance with the mixing ratio individually 
and simultaneously, and a storage unit having a transfer 
cylinder for storing the coating material prepared by mix- 
ing each of the coating material ingredients previously 
and then delivering the same to the coating machine or 
the coating material tank, and comprises a valve unit 
formed with a switching valve for opening channel 
switching by opening/shutting coating material ingredi- 
ent filling channels for filling each of the coating material 
ingredients to the measuring cylinder, a pre-mixing 
channel for joining each of the coating material ingredi- 
ents delivered from the measuring cylinder and in com- 
munication passing through the channel stirring pre- 
mixer to the transfer cylinder, and a coating material 
feed channel for feeding the coating material from the 
transfer cylinder by way of the jetting diffusion mixer. 
[0018] According to the first feature of the invention, 
since it comprises three units, that is, a measuring unit, 
a storage unit and a valve unit and valves for switching 
the channels by opening/shutting of various kinds of 


channels are formed to a valve unit, the valves can be 
intervened to the channels by merely communicating 
each of the channels, which can eliminate laborious or 
troublesome operations of attaching a plurality of valves 

5 individually. 

[0019] Further, even when failure should occur to the 
valves, since only the valve unit may be detached, ex- 
changed and repaired, it is excellent in the maintenance 
performance and, even when troubles have to be re- 

w stored in a short period of time as in the automobile coat- 
ing lines, the restoration can be opened rapidly by ex- 
changing the valve unit. 

[0020] Further, since the measuring unit and the stor- 
age unit can be made into a extremely simple structure 
is with no valve, the apparatus is less failed and the clean- 
ing operation is facilitated. 

[0021] Then, description is to be made for a case of 
mixing and feeding the main agent and curing agent as 
the coating material ingredients of the aqueous two- 
20 component mixed coating material by using the coating 
material feeding apparatus. 

[0022] At first, when the coating material ingredient 
filling channel is opened by valve operation, the main 
agent and the curing agent are filled to the measuring 

25 cylinder. Then, when the pre-mixing channel is opened, 
they are delivered each by an amount in accordance 
with the mixing ratio from the measuring cylinder and 
pre-mixed in the channel stirring pre-mixer and the 
mixed coating material is stored in the transfer cylinder. 

30 [0023] Accordingly, each of the coating material ingre- 
dients is stored in the transfer cylinder in a state being 
dispersed uniformly by the pre-mixer and the mixing ra- 
tio is always kept constant. 

[0024] Further, since the coating material comprising 
35 the coating material ingredients dispersed homogene- 
ously is temporarily stored in the transfer cylinder, mo- 
lecular diffusion proceeds at the boundary between 
each of the coating material ingredients during storage 
period and the coating material ingredients are fitted to 
*o each other. 

[0025] However, although the coating material ingre- 
dients are uniformly dispersed at this instance, the di- 
ameter of the dispersed droplets of each of the coating 
material ingredients is still large relatively and no stiff i- 
45 cient coating performance can be obtained if they coat- 
ed as they are. 

[0026] In view of the above, when the coating material 
feed channel is opened and the coating material is de- 
livered from the transfer cylinder, the coating material is 

so converted into a jet flow in the jetting diffusion mixer and 
the coating material ingredients of large particle size are 
formed into fine particles and diffused to each other, so 
that even the coating material ingredient less miscible 
with each other such as the hydrophilic main agent and 

55 the hydrophobic curing agent can be mixed homogene- 
ously. 

[0027] As described above, since the coating material 
ingredients are mixed homogeneously and fed by the 
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two steps of pre-mixing and jet diffusion mixing, the 
coating material ingredients can be fed while being ho- 
mogeneously mixed just before the coating machine al- 
so in a case of directly feeding the coating material to 
the coating machine and coating the same continuously s 
for a long time, as well as in a case of filling the coating 
material in the coating material tank, so that there is no 
requirement of storing the coating material which was 
previously mixed mechanical by a blender or the like. 
[0028] In a second feature of the invention, the coat- 10 
ing material ingredient filling channel and the pre-mixing 
channel are opened/shut simultaneously and alternate- 
ly, and the coating material feed channel is opened/shut 
synchronously therewith corresponding to the opening/ 
shutting of the coating material ingredient filling channel 15 
to perform channel switching by the switching valve 
formed to the valve unit. 

[0029] In this embodiment, the coating material ingre- 
dient filling channel and the coating material feed chan- 
nel are opened simultaneously and the pre-mixing chan- 20 
nel is shut, and the main agent and the curing agent are 
filled to each of the measuring cylinders while the coat- 
ing material is being transferred from the transfer cylin- 
der. 

[0030] Then, when the transfer cylinder is emptied, 25 
the coating material Ingredient filling channel and the 
coating material feed channel are shut simultaneously, 
while the pre-mixing channel is opened, and the main 
ingredient and the curing ingredient are delivered from 
the respective measuring cylinders, which are pre- 30 
mixed and filled to the transfer cylinder. 
[0031] As described above, delivery of the coating 
material ingredients from the respective measuring cyl- 
inders and filling of the coating material ingredients to 
the cylinders are performed alternately in synchroniza- 35 
tion with filling of the coating material to the transfer cyl- 
inder and transfer of the coating material from the cylin- 
der. Then, the transfer cylinder can continuously per- 
form filling and delivery of the coating material with no 
interval alternately, thereby capable of minimizing the 40 
filling time when the coating material is filled into the 
coating material tank to improve the operation efficien- 
cy. 

[0032] In a third feature of the present invention, when 
the measuring cylinder and the transfercylinder are driv- *s 
en by the hydraulic fluid, the feed channel and the dis- 
charge channel of the hydraulic fluid are switched by uti- 
lizing a switching valve for opening/shutting the chan- 
nels of the coating material ingredients such as the main 
agent and the curing agent. Then, there is no require- so 
ment of additionally using a valve for controlling feeding/ 
discharging of the hydraulic fluid. 
[0033] In a fourth aspect of the present invention, a 
liquid used as one of the coating material ingredients or 
water, or a liquid formed by adding necessary additives ss 
thereto is used as the hydraulic fluid. 
[0034] Accordingly, by using an organic solvent in a 
case of an organic solvent type coating material or using 


water in a case of an aqueous coating material, if the 
hydraulic fluid should be intruded to the coating material 
ingredient in the switching valve, it does not cause coat- 
ing failure. 

[0035] In a fifth feature of the invention, the coating 
material ingredient filling channel, the pre-mixing chan- 
nel and the coating material feed channel are formed in 
each of the measuring unit, the storage unit and the 
valve unit such that the measuring unit and the storage 
unit are in communication with each other by mounting 
them to the valve unit. 

[0036] In this constitution, since each of the channels 
is in communication by merely assembling each of the 
units, laborious or troublesome operations for the con- 
nection of coating material hoses and for arranging pipe- 
lines for coating material ingredients and the coating 
material between each of the units can be saved to sim- 
plify the constitution, facilitate assembling, improve the 
maintenance performance and make the entire appara- 
tus more compact. 

[0037] Further, since they can be connected by way 
of the shortest channel, remaining coating material to 
be discarded is decreased to improve the cleaning per- 
formance. 

[0038] In a sixth feature of the present invention, since 
the channel of the hydraulic fluid for driving the transfer 
cylinder is in communication between the valve unit and 
the storage unit by way of pipelines such as hoses, the 
storage unit can be detached from the valve unit without 
detaching the pipelines upon maintenance. 
[0039] Since the coating material in which the main 
agent and the curing agent are pre-mixed is filled in the 
transfercylinder, the remaining coating material is cured 
tending to cause operation failure, which requires fre- 
quent maintenance for the inside by attaching the stor- 
age unit. 

[0040] In this case, since the storage unit can be de- 
tached while connecting the feed channel of the hydrau- 
lic fluid for driving the transfer cylinder as it is, there is 
no worry that air should Intrude into the feed channel of 
the hydraulic fluid or air discharging amount should be- 
come instable by the intrusion of air. 
[0041 ] In a seventh feature of the invention, the meas- 
uring cylinder comprises two or more barrels for individ- 
ually filling the coating material ingredients each by an 
amount corresponding to the mixing ratio thereof, and 
each of the pistons for delivering the coating material 
ingredients filled in each of the barrels is driven by a 
single driving double acting cylinder. Then, since each 
of the pistons for delivering each of the coating material 
ingredients is accurately synchronized, no troublesome 
synchronization control is necessary. Further, since the 
driving portion is made compact, the entire apparatus 
can be decreased in the size. 
[0042] In an eighth feature of the invention, the appa- 
ratus comprises a measuring completion detection sen- 
sor that detects the completion for the filling of the main 
agent and the curing agent to the measuring cylinder, a 
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storage completion detection sensor for detecting the 
completion of the delivery of the main agent and the cur- 
ing agent from the measuring cylinder and completion 
of the storage to the transfer cylinder, and discharge 
completion detection sensor for detecting the comple- 5 
tion of discharge of the coating material from the transfer 
cylinder and also comprises a valve driving device for 
operating the switching valve so as to shut the coating 
material ingredient filling channel and the coating mate- 
rial feed channel and open the pre-mixing channel when 10 
the filling of the coating material ingredients to the meas- 
uring cylinder is completed and discharge of the coating 
material from the transfer cylinder is completed, and so 
as to open the coating material ingredient filling channel 
and the coating material feed channel and shut the pre- is 
mixing channel when storage to the transfer cylinder is 
completed. Since every operations are opened reliably, 
there is no worry of erroneous operation. 
[0043] In a ninth feature of the present invention, the 
channel stirring pre-mixer is comprised of a static mixer 20 
in which mixing elements are formed to the mixer mount- 
ing portion formed to the premixing channel from the 
switching valve to the transfer cylinder, and the mount- 
ing portion is formed by stacking face plates each having 
concave grooves formed by bisecting the same. 25 
[0044] With the constitution described above, since 
the mounting portion is formed by stacking the face 
plates having the concave groove formed by bisecting 
the same to each other, the static mixer can easily be 
exchanged/cleaned by decomposing the face plates to 30 
open the mounting portion and this can provide excel- 
lent maintenance performance. 
[0045] Further, while there is no restriction on the ma- 
terial of the mixing elements, when the elements are 
formed, for example, of flexible plastic materials, they 35 
can be disposed simply along the flow channel even in 
a case where the mixer mounting portion of the pre-mix- 
ing channel is curved or formed in an arcuate shape. 
[0046] Further, in a tenth feature of the present inven- 
tion, the mixing elements are inserted into a tube and *o 
disposed to the mixer mounting portion. The tube func- 
tions as a seal for the pre-mixing channel formed be- 
tween the face plates. 

[0047] Further, in a case of forming the tube made of 
a material with low pressure p roof n ess such as plastic 
material, even when a high pressure exerting on the 
transfer cylinder is applied by way of the pre-mixing 
channel to the inside of the tube, since the concave 
groove as the mixer mounting portion receives the inner 
pressure, the tube is not burst. so 
[0048] In an eleventh feature of the present invention, 
a mixing promotion orifice is disposed to one or both of 
the pre-mixing channels from the channel stirring pre- 
mixer to the transfer cylinder and the coating material 
feed channel from the transfer cylinder to the jetting dif- ss 
fusion mixer. 

[0049] With the constitution described above, since 
the coating material ingredients delivered from the 


measuring cylinder and pre-mixed in the channel stirring 
pre-mixer pass the mixing promotion orifice by the pres- 
sure of the fluid, no additional mechanical power is re- 
quired and the ingredients are dispersed into finer par- 
ticles and stored in the transfer cylinder. 
[0050] Accordingly, the molecular diffusion in the 
transfer cylinder is further promoted to provide a more 
preferred mixing state. 

[0051] Further, in the transfer cylinder, molecular dif- 
fusion is promoted for dispersed particles of smaller di- 
ameter, whereas particles are associated to each other 
for the dispersed particles of larger diameter tending to 
further increase the particle diameter. 
[0052] Then, when the mixing promotion orifice is dis- 
posed to the coating material feed channel from the 
transfer cylinder to the jetting diffusion mixer, since the 
coating material dispersed into further finer particles by 
the feeding pressure of the transfer cylinder are mixed 
in the jetting diffusion mixer with no requirement of ad- 
ditional mechanical power, excellent mixing state can be 
obtained. 

[0053] In a twelfth feature of the present invention, in 
a case where one of the coating material ingredients is 
a dispersion system in which a dispersing material is dis- 
persed in a dispersant, a pre-stirring chamber having a 
non-blowing stirrer Is interposed in a channel from the 
feed source of the coating material ingredients to the 
measuring cylinder, and the non-blowing stirrer is 
formed with a centrifugal stirring (labyrinth) channel be- 
tween plural of rotational discs attached each at a pre- 
determined distance to a rotational shaft for decreasing 
the diameter of the dispersed particles of the coating 
material ingredient from the central suction port on the 
side of the bottom face to the blowing port at the outer 
circumferential surface. 

[0054] Further, in the twelfth feature, in a case where 
a polyoi as a dispersed material is dispersed in water as 
a dispersant such as the main agent of the aqueous two- 
component mixed coating material, even when the dis- 
persed materials caused molecular association to in- 
crease the diameter of the dispersed particles, since the 
diameter of the dispersed particles can be previously 
made smaller by stirring in the non-blowing stirrer, the 
activity when mixed with the curing agent can be en- 
hanced to obtain more uniform mixing state. 
[0055] In a thirteenth feature of the invention, the 
channel for each of the coating material ingredients at 
the junction point of the pre-mixing flow channel for join- 
ing each of the coating material ingredients delivered 
from the measuring cylinder at the upstream of the chan- 
nel stirring pre-mixer and guiding the same to the trans- 
fer cylinder is formed to a cross sectional area ratio 
equal with the mixing ratio between the coating material 
ingredients. 

[0056] With the constitution described above, since 
each of the coating material ingredients is joined at an 
equal velocity, the mixing ratio does not fluctuate due to 
the difference of the velocity even considering the flow 
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on every minute time and the ingredients can be mixed 
favorably while maintaining the mixing ratio always con- 
stant. 

[0057] In a sixteenth feature of the present invention, 
the switching valve formed to the valve unit comprises 5 
a plurality of coating material ingredient spools for open- 
ing/closing the inlets for the coating material ingredients 
individually and synchronously and a coating material 
spool for opening/closing the exit for the coating mate- 
rial. When each of the spools is driven by a driving dou- 10 
ble acting cylinder, since each of the spools can be op- 
erated simultaneously, there is no requirement for the 
control to synchronize the channel switching. Further, 
since the driving portion is made compact, the entire ap- 
paratus can be decreased in the size. is 
[0058] In a seventeenth feature of the present inven- 
tion, the pre-mixing channel opened/shut by the spool 
for the coating material ingredient is formed so as to be 
in communication from one end of the slide hole to the 
transfer cylinder, and one end of the spool for each of so 
the coating material ingredients is provided with a pop- 
pet which is abutted against the valve seat formed on 
one end of slide hole to close a gap between the spool 
and the slide hole when the spool is pulled by the piston 
toward the other end. 25 
[0059] With this constitution described above, when 
the spool for the coating material ingredient is pulled to- 
ward the other end, the poppet is urged against the valve 
seat formed on one end of the slide hole to close the 
gap between the spool and the slide hole. 30 
[0060] In this process, since the channel resistance 
caused by the jetting diffusion mixer disposed on the 
coating material feed channef is higher compared with 
the channel resistance of the pre-mixing channel, when 
the coating material is delivered at a high pressure from 35 
the transfer cylinder, the pressure exerts on the pre-mix- 
ing channel. Since the poppet is enforced more intense- 
ly to the valve seat by the pressure, the poppet closes 
the gap between the spool and the slide hole to reliably 
shut the pre-mixing channel thereby causing no liquid *o 
leakage. 

[0061 ] Further, since a spring used usually for a check 
valve is not used in this valve mechanism, there is no 
worry of failure caused by wearing of spring and clog- 
ging of the coating material in the gaps of the spring 45 
which would cause operation failure. 
[0062] Also in a case of attaching a member as a valve 
seat on one side of the slide hole, the circumferential 
surface of the slide hole may be fabricated at a high ac- 
curacy and may be used as it is for the valve seat. so 
[0063] In a eighteenth feature of the present inven- 
tion, each of the spools for the coating material ingredi- 
ents is attached to a piston of the valve driving double 
acting cylinder by way of a tension dispersible transmis- 
sion mechanism for pulling each of the spools individu- 55 
ally till all the poppets formed to respective spools are 
closed. 

[0064] The tension dispersible transmission mecha- 


nism is constituted such that when there is a dimension- 
al error for the length of the spool, the tension is kept to 
be transmitted, after the poppet formed to the shorter 
spool has been closed previously, till the poppet formed 
to the longer spool is closed to the latter spool. 
[0065] Accordingly, even when there is some longitu- 
dinal error between the spools, both of the poppets can 
be closed reliably while permitting the error. 
[0066] In an nineteenth feature of the present inven- 
tion, a liquid pressure seal is formed at the gap between 
the spool and the spool slide hole of the switching valve 
for exuding the hydraulic fluid from the feed channel and 
the discharge channel of the hydraulic fluid to seal the 
gap by the hydraulic fluid. 

[0067] With this constitution described above, liquid 
leakage of the coating material or the coating material 
ingredients can be prevented with an extremely low slid- 
ing resistance compared with the case of the sealing by 
the provision of O-rings on every channels formed to the 
switching valve. 

DESCRIPTION OF THE ACCOMPANYING 
DRAWINGS 

[0068] Preferred embodiments of this invention will be 
described in details based on the drawings, wherein 

Fig. 1 is a fluid circuit diagram showing an example 
of a coating material feeding apparatus according to the 
present invention; 

Fig. 2 is a perspective view of the apparatus; 

Fig. 3 is an exploded view of the apparatus; 

Fig. 4 is a schematic view of the apparatus; 

Fig. 5 is an explanatory view showing the opera- 
tion of the apparatus; 

Fig. 6 is an explanatory view showing the opera- 
tion of the apparatus; 

Fig. 7 is an explanatory view showing the opera- 
tion of the apparatus; 

Fig. 8 is an explanatory view showing a structure 
for attaching a piston and a spool; 

Fig. 9 is an explanatory view showing the structure 
of a non-biowing stirrer. 

DESCRIPTION OF PREFERRED EMBODIMENT 

[0069] The present invention is to be described spe- 
cifically by way of a preferred embodiment with refer- 
ence to the drawings. 

[0070] In the drawing, a coating material feeding ap- 
paratus 1 is adapted to mix an aqueous two-component 
mixed coating material comprising a main agent and a 
curing agent as coating material ingredients each at a 
predetermined ratio and feed the same for filling to a 
cartridge type coating material tank 2 detachably mount- 
ed to a coating machine. 

[0071 ] The coating material feeding apparatus 1 com- 
prises a measuring unit U 1 having a measuring cylinder 
3 for delivering under pressure the main agent and the 
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curing agent respectively each by an amount in accord- 
ance with a mixing ratio individually and simultaneously, 
a storage unit U 2 having a transfer cylinder 4 for storing 
the main agent and the curing agent mixed previously 
and then delivering the same under pressure to a coat- 5 
ing machine or a coating material tank 2, and a valve 
unit U 3 for detachably assembling them. 
[0072] The measuring cylinder 3 comprises a main 
agent barrel 5A and a curing agent barrel 5B for meas- 
uring and filling the main agent and the curing agent io 
each by an amount in accordance with the mixing ratio 
individually, and pistons 6A and 6B for delivering the 
main agent and the curing agent filled in the barrels 5A 
and 5B respectively are attached to a piston 8 of a driv- 
ing double acting cylinder 7 so as to be driven by the w 
cylinder. 

[0073] The barrels 5A and 5B are formed each into a 
cross sectional area and a volume in accordance with 
the mixing ratio and can feed the main agent and the 
curing agent accurately each by an amount in accord- 20 
ance with the mixing ratio each at a flow rate corre- 
sponding to the mixing ratio, with no particular flow con- 
trol, by merely moving each of the pistons 6A and 6B 
simultaneously by the driving double acting cylinder 7. 
[0074] Further, since the pistons 6A and 6B for deiiv- 25 
ering the main agent and the curing agent are driven 
synchronously by the driving double acting cylinder 7, 
no troublesome synchronization control is necessary. 
Further, since the driving portion is compact, the entire 
apparatus 1 can be reduced in the size. 30 
[0075] Further, the transfer cylinder 4 of the storage 
unit U 2 is adapted to deliver under pressure the stored 
coating material by urging the piston 9. 
[0076] The driving double acting cylinder 7 and the 
transfer cylinder 4 are driven by the pressure of a hy- 35 
draulic fluid. A liquid giving no undesired effects on the 
coating even when it should be mixed into the coating 
material, for example, by way of a switching valve 1 7 to 
be described later is used as the hydraulic fluid. For ex- 
ample, a liquid used as one of the coating material in- 40 
gredients, or DOP (dioctyl phthalate) is used, to which 
an additive is added optionally. 
[0077] In this embodiment, purified water or distilled 
water is used and IRA (isopropanol) is added optionally. 
[0078] The valve unit U 3 is formed with inlets 1 0A and 45 
1 0B for the main agent and the curing agent and an exit 
1 1 for the coating material as a mixture of them. The 
valve unit U 3 also has, perforated therethrough, a main 
agent filling channel 1 2A and a curing agent filling chan- 
nel 12B in communication from the inlets 10A and 10B so 
to the barrets 5A and 5B of the measuring cylinder 3 
formed in the measuring unit U 1( a pre-mixing channel 
1 4 in communication from the barrels 5A and 5B by way 
of a static mixer (channel stirring pre-mixer) 13 to the 
transfer cylinder 4 of the storage unit U 2 , and a coating 55 
material feed channel 1 6 in communication from the cyl- 
inder 4 through the jet diffusion mixer 15 to the exit 11 . 
[0079] The channels 12A, 1 2B, 14 and 1 6 are formed 


each as an opening to the units U n to U 3 , respectively, 
such that the channels are directly coupled with each 
other, or the channel and each of the cylinders 3 and 4 
are coupled directly. 

[0080] With the constitution described above, since 
each of the channels 12A, 12B, 14, 16 is in communi- 
cation by merely assembling the units 1^ to U 3 , neither 
labors for connecting the coating material hoses nor 
troublesome operations for laying pipelines for coating 
material ingredients and the coating material between 
the units to U 3 are necessary and this can simplify 
the constitution more, make the assembling easier, im- 
prove the maintenance performance, and make the en- 
tire apparatus 1 more compact. 
[0081] Further, since each of the channels 12A, 12B, 
14 and 16 is connected at the shortest channel, remain- 
ing coating material to be discarded is decreased to im- 
prove the cleaning performance. 
[0082] Further, a switching valve 17 is formed in the 
valve unit U 3 for opening/shutting each of the filling 
channels 12A and 12B, and the pre-mixing channel 14 
simultaneously and alternately, and performing channel 
switching by opening/shutting the coating material feed 
channel 19 corresponding to and synchronously with 
opening/shutting of each of the filling channels 1 2A and 
12B. 

[0083] Accordingly, when each of the channels 12A, 
12B, 14 and 16 is switched by the switching valve 17, 
at first, the main agent filling channel 12A, the curing 
agent filling channel 12B and the coating material feed 
channel 16 are opened, while the pre-mixing channel 
14 is shut. 

[0084] Thus, the main agent and the curing agent are 
filled in the measuring cylinder 3 during delivery of the 
coating material from the transfer cylinder 4. 
[0085] Then, upon completion of discharge from the 
transfer cylinder 4, when each of the channels 1 2A, 1 2B 
14 and 16 is switched by the switching valve 17, the 
main agent filling channel 12A, the curing agent filling 
channel 12B and the coating material feed channel 16 
are shut, while the pre-mixing channel 14 is opened. 
[0086] Thus, the main agent and the curing agent are 
delivered from the measuring cylinder 3, they are pre- 
liminarily mixed in the static mixer 1 3 and then filled to 
the transfer cylinder 4. 

[0087] Then, since the mixed coating material is fed 
by repeating the two operations described above alter- 
nately, the transfer cylinder 4 can fill and deliver the coat- 
ing material with no interval continuously and alternately 
and, in a case of filling the coating material in the coating 
material tank 2, the filling time is minimized to improve 
the operation efficiency. 

[0088] The switching valve 17 comprises a main 
agent spool (coating material ingredient spool) 18 A, a 
curing agent spool (coating material ingredient spool) 
18B for opening/shutting the main agent filling channel 
1 2A and the curing agent filling channel 1 2B individually 
and synchronously and shutting/opening the pre-mixing 


7 


EP 1 346 761 A2 


channel 14 for guiding the main agent and the curing 
agent to the static mixer (channel stirring pre-mixer) 1 3, 
and a coating material spool 180 for opening/shutting 
the coating material feed channel 16. 
[0089] Then , each of the spools 1 8A to 1 8C is adapted 5 
to be attached to a piston 20 of a valve operating double 
acting cylinder 19 and caused to slide vertically at the 
identical timing so as to be driven by the double acting 
cylinder 19. 

[0090] With the constitution described above, since 10 
each of the spool 1 8A to 1 8C is operated simultaneous- 
ly, no particular control is necessary for synchronization 
of the channel switching and since the driving portion is 
made compact the entire apparatus 1 can be reduced 
in the size. is 
[0091] Further, the switching valve 17 opens/shuts 
the feed channels 21 A and 21 B and the discharge chan- 
nels 22A and 22B for the hydraulic fluid that drives the 
measuring cylinder 3 and the transfer cylinder 4. 
[0092] As described above, since the channels 21 A, 20 
21 B, 22A, and 22B of the hydraulic fluid are switched by 
utilizing the switching valve 17 for opening/shutting the 
channels 12A, 12B, 14 and 16 for the main agent and 
the curing agent and the coating material, there is no 
requirement for separately using a valve for controlling 25 
the feeding/discharging of the hydraulic fluid. 
[0093] The main agent spool 18A, when it is situated 
at the upper end (refer to Fig. 5), opens the main agent 
filling channel 12A while shuts the pre-mixing channel 
1 4, and opens the hydraulic fluid feed channel 21 A from 30 
the hydraulic fluid inlet 21 to the frontal side of the piston 
8 of the driving double acting cylinder 7 and the transfer 
cylinder 4 while shuts the hydraulic fluid feed channel 
21 B to the back side of the piston 8. 
[0094] Further, when it is situated atthe lower end (re- 35 
ferto Fig. 6), it shuts the main agent filling channel 12A 
while opens the pre-mixing channel 14, and shuts the 
hydraulic fluid feed channel 21 A while opens the hy- 
draulic fluid feed channel 21 B. 

[0095] The curing agent spool 1 8B, when it is situated 40 
at the upper end (refer to Fig. 5), opens the curing agent 
filling channel 12B while shuts the pre-mixing channel 
14, as well as opens the hydraulic fluid discharge chan- 
nel from the back of the piston 8 to the hydraulic fluid 
exit 22 while shuts the hydraulic fluid discharge channel 45 
22A from the front of the piston 8 of the driving double 
acting cylinder 7 and the transfer cylinder 4 to the hy- 
draulic fluid exit 22. 

[0096] Further, when it is situated at the lower end (re- 
fer to Fig. 6), it shuts the curing agent filling channel 12B 50 
while opens the pre-mixing channel 14, and shuts the 
hydraulic fluid exit 22B while opens the hydraulic fluid 
discharge channel 22A. 

[0097] The coating material spool 1 8C, when it is sit- 
uated at the upper end, opens the coating material feed ss 
channel 16 (refer to Fig. 5) and shuts the same when it 
is situated at the lower end (refer to Fig. 6). 
[0098] Further, the pre-mixing channels 14 opened/ 


shut by the main agent spool 18 and the curing agent 
spool 18B are joined after passing through the bottom 
of the slide holes 23A and 23B and then in communica- 
tion by way of the static mixer 1 3 with the transfer cylin- 
der 4. 

[0099] Then, a poppet 25 of a large diameter is formed 
to the lower end of each of the spools 1 8A and 1 8B 
which is urged against a valve seat 24 formed to the 
lower end of the slide holes 23A and 23B when the pis- 
ton 20 is moved and pulled to the upper end to close the 
gap between each of the spools 1 8A and 1 8B and each 
of the slide holes 23A and 23B. 
[0100] Accordingly, upon delivery of the coating ma- 
terial at a high pressure from the transfer cylinder 4, 
when each of the spools 18A to 18C is caused to slide 
upwardly, the coating material feed channel 16 is 
opened, while the pre-mixing channel 14 is shut and, 
further, the poppet 22 closes a gap between each of the 
spools 1 8A, 1 8B and each of the slide hole 23A and 23B. 
[0101] In this step, since the channel resistance by 
the jetting diffusion mixer 15 disposed on the side of the 
coating material feed channel 16 is greater compared 
with the channel resistance of the pre-mixing channel 
14, a high pressure exerting on the transfer cylinder 4 
exerts on the pre-mixing channel 14, Since the poppet 
25 is further abutted against the valve seat 24 strongly, 
the pressure of the coating material exerting on the pre- 
mixing channel 14 is cut by the poppet 25 and does not 
act on the side of the measuring cylinder 3. 
[0102] Further, since the poppet 25 is further urged 
strongly by the pressure to the valve seat 24, the poppet 
24 reliably closes the gap between each of the spools 
18A and 18B and the slide holes 23A and 23B and no 
liquid leakage is caused. 

[01 03] Further, since a spring as used for usual check 
valves is not adopted for the valve mechanism, there is 
neither worry thatthe springs is worn and failed, nor wor- 
ry that the coating material clogs the gap of the spring, 
which may cause misoperation. 
[0104] In this embodiment, the spool 18A for main 
agent and the spool 1 8B for curing agent are attached 
to the piston 20 of the valve driving double acting cylin- 
der 19 by way of a tension dispersible transmission 
mechanism that strongly urges both of the poppets 25 
against the valve seat 24 while permitting error, if any, 
in view of the length for the spools 1 8A and 1 8B. 
[0105] As shown in Fig. 8, the tension dispersible 
transmission mechanism 30 has a seesaw type arm 31 
that swings leftward and rightward around a center sup- 
ported on the piston 20 as a fulcrum in which both of 
right and left ends of the arm are engageable with en- 
gagements 32 formed recessing the spools 1 8A and 
1 8B respectively. 

[0106] When the piston moves upward, spools 18A 
and 1 8B are pulled upward by way of the arm 31 . Then, 
in a case where one spool 1 8A is shorter, its poppet 25 
is in close contact with the valve seat 24 and then the 
ami 31 is tilted by swinging and, subsequently, pulls the 
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spool 18. 

[0107] As described above, even when there is any 
longitudinal error in the spool 1 8A and 1 8B, all the pop- 
pets 25 are closed by dispersing tension between the 
spools and each of the spool 1 8A and 1 8B is pulled in- s 
dividually. 

[0108] The tension dispersible transmission mecha- 
nism 30 is not restricted to the constitution described 
above and any other constitutions may be adopted. 
[01 09] Further, liquid seals are formed to the gap be- 10 
tween each of the spools 18A to 18C and each of the 
spool slide holes 23A - 23C for exuding the hydraulic 
fluid from the feed channels 21 A and 21 B and the dis- 
charge channels 22A, 22B for the hydraulic fluid and 
preventing liquid leakage of the main agent and the cur- is 
ing agent or coating material by the pressure of the hy- 
draulic liquid. 

[01 10] That is, opening of feed channels 21 A and 21 B 
and discharge channel 22A and 22B for the hydraulic 
fluid are formed to the inner circumferential surface of 20 
the spool slide holes 23A and 23B, and drain channels 
26A, 26A for releasing the exuded hydraulic fluid to the 
drain are formed on both upper and lower sides of the 
openings. 

[0111] Further, a hydraulic fluid feed port 26B and a 25 
drain channel 26A in communication with one of the 
channels are formed to the slide hole 23C of the coating 
material spool 1 8C. 

[0112] Then, even when the main agent, the curing 
agent or the coating material should exude to the gap so 
between each of the spools 1 8A to 1 8C and each of the 
spool slide holes 23A to 23C of them, they are blocked 
by the hydraulic fluid, or discharged together with the 
hydraulic fluid to the drain. 

[01 1 3] This can prevent the liquid leakage of the main 35 
agent and the curing agent or the coating material. In 
addition, this provides an advantage that no trouble- 
some operations of attaching a number of O-rings are 
necessary, compared with a case of sealing individual 
channels formed to the spools 1 8A to 1 8C with O-rings, *o 
and assembling is facilitated since the spools 1 8A to 
18C can be inserted easily into the slide holes 23A to 
23C, respectively and, further that the sliding resistance 
is extremely reduced compared with the case of mount- 
ing the O-rings thereby suppression occurrence of op- 45 
eration failures. 

[01 1 4] Pre-mixing channels 1 4a and 1 4b from the bot- 
tom of the main agent spool 18A and the curing spool 
1 8B to the junction before the static mixer 1 3 are formed 
such that the cross sectional area ratio of each of them so 
is equal with the mixing ratio between the main agent 
and the curing agent. 

[01 1 5] Then, the main agent and the curing agent are 
joined each at an equal speed, and the mixing ratio does 
not fluctuate by the difference of speed even when con- ss 
sidering the flow on every minute period and, accord- 
ingly, they are mixed preferably with the mixing ratio be- 
tween them being always kept constant. 


[0116] In the static mixer 13, mixing elements 13a are 
disposed to a mixer mounting portion 27 formed to the 
pre-mixing channel 14. 

[01 1 7] The mounting portion 27 is formed by stacking 
face plates 28A and 28B in which concave grooves 27A 
and 27B are formed by bisecting a portion of the pre- 
mixing channel 14. In this embodiment, the upper face 
plate of the storage unit U 2 and the bottom face plate of 
the valve unit U 3 also serve as the face plates 28A and 
28B. 

[01 1 8] The mixing elements 1 3a of the static mixer 1 3 
can be made of metal, plastic or any other material. 
When they are formed of a flexible material such as flex- 
ible plastics, the elements can be arranged simply along 
the pre-mixing channel 14 from the valve unit 13 to the 
storage unit U 2 even when they are curved or formed in 
an arcuate shape. 

[01 1 9] Further, since the mounting portion 27 can be 
bisected by decomposing the face plates 28A and 28B, 
the mixing elements 13a of the static mixer 13 can be 
replaced easily. Further, the mounting portion 27 can be 
cleaned easily to provide excellent maintenance per- 
formance. 

[0120] In a case where the mixing elements 13a are 
disposed to the mixer mounting portion 27 while insert- 
ing them into a tube (not illustrated), the tube functions 
as a seal for the pre-mixing channel 1 4 formed between 
the face plates 28A and 28B. 

[01 21 ] The tube can also be made of any m aterial like 
the mixing elements 13a. When it is made of a soft ma- 
terial such as flexible plastics, even when a high pres- 
sure is exerted in the plastic tube by way of the pre-mix- 
ing channel 1 4 upon delivering the coating material from 
the transfer cylinder 4, since the concave grooves 27A 
and 27B constituting the mixer mounting portion 27 re- 
ceive the inner pressure, there is no worry that the plas- 
tic tube is burst. 

[0122] Since the flow channel 21 A (22A) of the hy- 
draulic fluid driving the transfer cylinder 4 Is in commu- 
nication between the valve unit U 3 and the storage unit 
U 2 by way of the hose (pipeline) 35, the storage unit U 2 
can be detached from the valve unit U 3 without detach- 
ing the hose 35 upon maintenance. 
[0123] Since the coating material in which the main 
agent and the curing agent are p re-mixed is filled in the 
transfer cylinder 4, remaining coating material tends to 
be cured and cause operation failure, so that frequent 
maintenance may be necessary for the inside of the 
storage units U 2 by detaching the same. 
[0124] Upon maintenance, since the storage unit U 2 
can be detached while leaving the hose 35 as the feed 
channel 21 A (22A) of the hydraulic fluid that drives the 
transfer cylinder 4 being connected as it is, there is no 
worry of air intrusion into the feed channel for the hy- 
draulic fluid in the hose 35 which would otherwise cause 
instabilization for the discharge amount. 
[0125] The channel 21 A (22A) for the hydraulic fluid 
that drives the measuring cylinder 3 may also be in com- 
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munication by way of a hose (not illustrated) between 
the valve unit U 3 and the measuring unit 1^ with the 
same reason as described above. 
[0126] Further, a jetting dispersion mixer 15 is fitted 
in the discharge port 11 for the coating material. The jet- 5 
ting dispersion mixer 15 has a coaxially opposed orifice 
29 of a small diameter of about 0.2 to 0.5 mm formed in 
the channel and is adapted to convert the coating ma- 
terial fed from the transfer cylinder 4 into a jet flow upon 
passage through the orifice 29. w 
[0127] Since the main agent and thecuring agent con- 
tained in the coating material is diffused by the orifice 
into a finely particulated state, the coating material is 
mixed more uniformly and, thus, the sufficiently mixed 
coating material is fed to the coating material tank 2 con- '5 
nected to the discharge port 11 . 
[01 28] In a case where it is necessary to mix the main 
agent and the curing agent more uniformly, mixing pro- 
motion orifices 33 and 34 may be disposed between the 
static mixer 13 and the transfer cylinder 4 in the pre- 20 
mixing channel 14 and between the transfer cylinder 4 
and the jetting diffusion mixer 1 5 of the coating material 
feed channel 16 as shown in the drawing. 
[0129] When this constitution, since the main agent 
and the curing agent delivered from the measuring cyl- 25 
inder 3 and pre-mixed in the static mixer 1 3 pass through 
the mixing promotion orifice 33 by the fluid pressure, 
they are dispersed into finer particles and stored in the 
transfer cylinder with no requirement for additional me- 
chanical power. 30 
[01 30] Accordingly, molecular diffusion in the transfer 
cylinder 4 is promoted more to provide more favorable 
mixing state. 

[0131] In the transfer cylinder 4, molecular dispersion 
is promoted for dispersed particles of smaller diameter, 35 
whereas dispersed particles of larger diameter tend to 
be associated to each other to further increase the par- 
ticle diameter. 

[01 32] Accord ingfy, when the mixing promotion orifice 
34 is disposed in the coating material feed channel 1 6 40 
from the transfer cylinder 4 to the jetting diffusion mixer 
15, since the coating material dispersed into finer parti- 
cles by the feed pressure of the transfer cylinder 4 are 
mixed by the jetting diffusion mixer 15 just thereafter, 
with no requirement for additional mechanical power, 4s 
extremely favorable mixing state can be obtained. 
[01 33] The switching valve 1 7 for performing channel 
switching is operated by a valve driving device 40. The 
valve driving device 40 comprises a low pressure feed 
pipeline 44 for feeding a hydraulic fluid at a low pressure so 
by a low pressure pump 43 from a hydraulic fluid tank 
42 to hydraulic fluid pipelines 41 H and 41 B in commu- 
nication with a cylinder head 1 9H and a cylinder bottom 
19B of the valve operating double acting cylinder 19, a 
valve device 46 for switch ingly connecting a return pipe- ss 
line 45 for returning the hydraulic fluid to the tank 42, 
and a valve control device 47 for switching the valve de- 
vice 46 at a predetermined timing. 


[0134] The valve control device 47 is connected, at 
the input thereof, with a measuring completion detection 
sensor 48 for detecting the completion of the filling of 
the main agent and the curing agent to the measuring 
cylinder 3, a storage completion detection sensor 49 for 
detecting the completion of the delivery of the main 
agent and the curing agent from the measuring cylinder 
3 and completion of the storage to the transfer cylinder 
4, and a discharge completion detection sensor 50 for 
detecting the completion of discharge of the coating ma- 
terial from the transfer cylinder 4 and is connected, at 
the output thereof, with the valve device 46 described 
above. 

[0135] The measuring completion detection sensor 
48 and the storage completion detection sensor 49 each 
comprises a lead switch for detecting the position of the 
piston 8 of the driving double acting cylinder 7 for driving 
the measuring cylinder 3 and the like, and it is disposed 
to the measuring unit U v 

[0136] Further, the discharge completion detection 
sensor 50 comprises a lead switch for detecting the po- 
sition of the piston 9 of the transfer cylinder 4 and the 
like and it is disposed in the storage unit U 2 . 
[0137] Then, when detection signals are outputted 
from both of the measuring completion detection sensor 
48 and the discharge completion detection sensor 50, 
the valve device 46 is operated so as to communicate 
the hydraulic fluid pipeline 41 H in communication with 
the cylinder head 1 9H of the valve operating double act- 
ing cylinder 19 with the low pressure feed pipeline 44, 
by which the piston 20 is displaced downward. 
[01 38] Then, the spools 1 8A to 1 8C move to the lower 
end position to shut the main agent filling channel 12A, 
the curing agent filling channel 1 2B and the coating ma- 
terial feed channel 1 6, and open the pre-mixing channel 
14. 

[0139] Further, when a detection signal is outputted 
from the storage completion detection sensor 49, the 
valve device 46 is operated so as to communicate the 
hydraulic fluid pipeline 41 B in communication with the 
cylinder bottom 1 9B of the valve operating double acting 
cylinder 1 9 with the low pressure feed pipeline 44 there- 
by displacing the piston 20 upward. 
[01 40] Then , each of the spools 1 8 A to 1 8C moves to 
the upper end position to open the main agent filling 
channel 12A, the curing agent filling channel 12B and 
the coating material feed channel 1 6, and shut the pre- 
mixing channel 14. 

[0141] As described above, since the switching valve 
1 7 is operated based on the detection signals outputted 
from the sensors 48 to 50 so as to switch the channels 
12A, 12B, 14, and 16 each at a predetermining timing, 
every operation is opened reliably with no erroneous op- 
eration. 

[0142] Further, since the channels 12A, 12B, 14 and 
1 6 are collectively opened/shut by merely reciprocating 
the piston 20 of the valve operating double acting cylin- 
der vertically, timing control is not necessary at all. 
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[0143] Further, the main agent inlet 1 0A and the cur- 
ing agent inlet 10B are connected with the main agent 
feed pipe 52 by way of a main agent transfer pump 51 
and a curing agent feed pipe 54 by way of a curing agent 
transfer pump 53 respectively. 

[01 44] Then, a pre-stirring chamber 60 for dividing the 
main agent ingredient into finer molecular association 
state is interposed to the main agent feed pipe 52. 
[01 45] The pre-stirring chamber 60 has a non-blowing 
stirrer 66 in which a labyrinth (centrifugal stirring) chan- 
nel 65 from a central suction port 63 on the bottom to a 
discharge port 64 at the outer circumferential surface is 
disposed between plural rotational disks 62 and 62 at- 
tached at a predetermined gap to a rotational shaft 61 . 
[0146] Then, the main agent passing the pre-mixing 
chamber 60 is divided from a large molecular associa- 
tion state into a finer molecular association state by the 
non-blowing stirrer 66 under rotation to attain higher ac- 
tivity and the main agent is mixed more uniformly when 
mixed with the curing agent and the curing reaction is 
promoted. 

[0147] The pre-stirring chamber 60 may optionally be 
interposed in the curing agent feed pipe 54 or may be 
interposed in the main agent feeling channel 12 or the 
curing agent feed channel 12B formed in the valve unit 
U 3 or the measuring unit 

[0148] Further, the hydraulic fluid inlet 21 is connected 
with a hydraulic fluid feed pipe 56 which includes a high 
pressure pump 55 for feeding a hydraulic fluid at high 
pressure from the hydraulic fluid tank42 and the hydrau- 
lic fluid discharge port 22 is connected to a return chan- 
nel 57 that returns to the hydraulic fluid tank 42. 
[01 49] The operation of the constitution of the present 
invention described above is to be described. 
[0150] In a state where the measuring cylinder 3 and 
the transfer cylinder 4 are vacant, when the piston 20 of 
the valve operating double acting cylinder 19 is dis- 
placed upward, the spools 1 8A to 1 8C of the switching 
valve 1 7 simultaneously reach the upper end position 
synchronously. 

[0151] Then, as shown In Fig. 5, the main agent filling 
channel 12A, the curing agent filling channel 12B and 
the coating material feed channel 16 are opened, the 
pre-mixing channel 14 is shut, the hydraulic fluid feed 
channel 21 A and the hydraulic fluid discharge channel 
22B are opened, and the hydraulic fluid feed channel 
21 B and the hydraulic fluid discharge channel 22a are 
shut. 

[0152] Accordingly, the hydraulic fluid is fed to the 
front of the piston 8 of the driving double acting cylinder 
7 formed in the measuring unit U.j and discharged from 
the back of the piston to retract the piston 8 and the pis- 
tons 6A and 6B, and the main agent and the curing agent 
are filled each by an amount in accordance with the mix- 
ing ratio to each of the barrels 5A and 5B of the meas- 
uring cylinder 3. 

[0153] When filling is completed, a control signal is 
outputted from the measuring completion detection sen- 


sor 48, and a control signal is also outputted from the 
discharge completion detection sensor 50 since the 
transfer cylinder 4 is also vacant, by which the piston 20 
of the valve operating double acting cylinder 19 is dis- 
s placed downward, and the spools 18A to 18C of the 
switching valve 1 7 are simultaneously moved synchro- 
nously to the lower end position by the valve driving de- 
vice 40. 

[0154] Then, as shown in Fig. 6, the main agent filling 
10 channel 12A, the curing agent filling channel 12B and 
the coating material feed channel 16 are shut, the pre- 
mixing channel 14 is opened, the hydraulic fluid feed 
channel 21 A and the hydraulic fluid discharge channel 
22B are shut, and the hydraulic fluid feed channel 21 B, 
and the hydraulic fluid discharge channel 22a are 
opened. 

[0155] Accordingly, the hydraulic fluid is fed at the 
back of the piston 8 of the driving double acting cylinder 
7 formed on the measuring unit U 1t and the hydraulic 
fluid is discharged from the front of the piston, by which 
the piston 8 and the pistons 6A and 6B are advanced, 
and each of the mixing agent and the curing agent is 
delivered from each of the barrels 5A and 5B each in 
accordance with the mixing ratio. 
[01 56] In this process, each of the main agent and the 
curing agent Is delivered from each of the barrels 5A 
and 5B each in an amount in accordance with the mixing 
ratio and they are pre-mixed in the static mixer 13 and 
promoted for mixing in the mixing promotion orifice 33, 
by which the coating material in which the main and the 
curing agent are dispersed uniformly is fed to the trans- 
fer cylinder 4. 

[0157] Then, the piston 9 of the transfer cylinder 4 is 
retracted by the pressure of the coating material and the 
hydraulic fluid is discharged from the transfer cylinder 4 
and, thus, the coating material is stored. 
[0158] As described above, since the coating material 
in which the main agent and the curing agent are uni- 
formly dispersed is temporarily stored in the transfer cyl- 
inder, molecular diffusion proceeds at the boundary be- 
tween each of the coating material ingredients during 
the storage period to fit the coating material ingredients 
to each other. 

[0159] Upon completion of the storage, since acontrol 
signal is outputted from the storage completion detec- 
tion sensor 49 disposed to the measuring unit L^, the 
piston 20 of the valve operating double acting cylinder 
is displaced upward by the valve driving device 40 and 
the spools 1 8A to 1 8C of the switching valve 1 7 are si- 
multaneously moved synchronously to the upper end 
position. 

[01 60] Then, as shown in Fig. 7, the main agent filling 
channel 12 A, the curing agent filling channel 12B and 
the coating material feed channel 16 are opened, the 
pre-mixing channel 14 is shut, the hydraulic fluid feed 
channel 21 and the hydraulic fluid discharge channel 
22B are opened, and the hydraulic fluid feed channel 
21 B and the hydraulic fluid discharge channel 22A are 
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shut. 

[0161] Then, since the hydraulic fluid is fed to the 
transfer cylinder 4 formed in the storage unit U 3 , the 
coating material is delivered by the piston 9, passed 
through the coating material feed channel 16, mixed by 
the mixing promotion orifice 34, then, finely particulated 
and mixed in the jetting diffusion mixer 15 provided to 
the discharge port 11 and then fed to the coating mate- 
rial tank 2. 

[01 62] As described above, since the main agent and 
the curing agent are mixed through the two steps of: pre- 
mixing - jet diffusion mixing, that is, they are uniformly 
dispersed in the pre-mixer and the coating material is 
converted into a jet flow by the jetting diffusion mixer by 
which the main agent and the curing agent of large par- 
ticle diameter are finely particulated and diffused, even 
coating material ingredients such as the hydrophilic 
main agent and the hydrophobic curing agent which are 
less misciblecan be filled in a uniformly mixed state into 
the coating material tank 2. 

[01 63] Meanwhile, the hydraulic fluid is fed to the front 
of the piston 8 of the driving double acting cylinder 7 
formed in the measuring unit and discharged from the 
back of the piston, by which the piston 8 and the pistons 
6A and 6B are retracted and the main agent and the 
curing agent are filled in the barrels 5A and 5B of the 
measuring cylinder 3. 

[0164] Then, when filling to the measuring cylinder 3 
is completed and discharge from the transfer cylinder 4 
is completed, control signals are outputted from both of 
the measuring completion detection sensor 48 and the 
discharge completion detection sensor 50 and, subse- 
quently, the steps shown in Fig. 6 and Fig. 7 are repeat- 
ed. 

[0165] The spools 1 8A to 18C of the switching valve 
17 are not necessarily attached to the piston 20 of the 
valve operating double acting cylinder 1 9, but they may 
also be attached individually to a plurality of operating 
double acting cylinders operated simultaneously, or 
they may be driven, for example, by using solenoid 
mechanisms. 

[0166] Further, while a spool type valve using three 
spools 1 8A- 1 8C is used as the switching valve 1 7 in this 
embodiment, the number of the spools is optional. Fur- 
ther, any other type of valves may be used, for example, 
rotary valve or the like, so long as the valve can conduct 
channel switching. 

[0167] Further, while description has been made for 
the two-component mixed coating material comprising 
the main agent and the curing agent, the present inven- 
tion is applicable also to any other multi-ingredient 
mixed coating material in which two or more kinds of 
coating material Ingredients such as a plurality of main 
agents and the curing agent, and the main agent and 
additives are mixed. 

[0168] Furthermore, the coating material feeding ap- 
paratus 1 of the invention is not restricted only to the 
embodiment of filling the coating material into the coat- 
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ing material tank 2 equipped in or mounted to the coating 
machine but it can be used also as a coating material 
feeding apparatus of feeding the coating material direct- 
ly, or indirectly by way of a relay or the like, to the coating 
5 machine while undergoing supply of the coating mate- 
rial. 

[01 69] As has been described above, according to the 
present invention, since the apparatus comprises the 
three units, i.e., the measuring unit, the storage unit and 

10 the valve unit, and the valves for opening/shutting each 
of the flow channels to perform channel switching are 
formed to the valve unit, the valve can be interposed to 
each of the flow channels by merely communicating 
each of the flow channels to the valve unit and there are 

15 no laborious or troublesome operation of mounting a 
plurality of valves individually, so that this provides an 
excellent effect of simplifying the assembling operation 
and reducing the manufacturing cost. 
[01 70] Further, since no valves are formed at all in the 

20 measuring unit and the storage unit, the structure for the 
measuring unit and the storage unit can be made ex- 
tremely simple to provide an excellent effect capable of 
decreasing the number of parts and reducing the entire 
size of the apparatus. 

25 [0171] Further, even when failures should occur to the 
valves, since merely the valve unit may be detached and 
replaced or repaired, the apparatus is excellent in the 
maintenance performance and can provide an excellent 
effect capable of rapid restoration by the exchange of 

30 the valve unit, for example, in a case of automobile coat- 
ing lines in which the coating line can not be stopped for 
a long period of time. 

[0172] Further, since each of the coating material in- 
gredients can be mixed through the two steps of pre- 

35 mixing - jet diffusion mixing, the coating material ingre- 
dients are uniformly dispersed by the pre-mixer and the 
coating materials are converted into a jet flow in the jet- 
ting diffusion mixer in which the main agent and the cur- 
ing agent of larger particle size can be finely particulated 

40 and diffused, this provides an excellent effect capable 
of feeding less miscible coating material ingredients, for 
example, comprising a hydrophilic main agent and a hy- 
drophobic curing agent in a uniformly mixed state. 
[0173] Further, since each of the coating material in- 

45 gredients can be fed accurately at a flow rate in accord- 
ance with the mixing ratio with no particular flow rate 
control and since the coating material ingredient filling 
channel, the pre-mixing channel and the coating mate- 
rial feed channel can be switched simultaneously by the 

50 switching valve, this provides an excellent effect capa- 
ble of avoiding troublesome operations of controlling the 
flow rate or controlling the synchronization timing in 
valve switching, which can extremely simplify the control 
system. 

55 [0174] Furthermore, since various kinds of channels 
are formed in each of the units such that they are com- 
municated when each of the units is assembled integral- 
ly, troublesome operations for detaching/attaching or ar- 
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ranging pipelines are not necessary, the constitution is 
simplified more, the assembling operation is extremely 
facilitated and, further, the maintenance performance is 
improved, and the entire apparatus can be made com- 
pact by so much as the arrangement of pipelines can 5 
be saved. 


Claims 


A coating material feeding apparatus of feeding a 
coating material formed by mixing two or more kinds 
of coating material ingredients at a predetermined 
ratio to a coating machine or a coating material tank 
equipped for mounted detach ably to the coating w 
machine, in which the coating material feeding ap- 7. 
paratus comprises a measuring unit having a meas- 
uring cylinder for delivering the coating material in- 
gredients each by an amount in accordance with the 
mixing ratio individually and simultaneously, and a 20 
storage unit having a transfer cylinder for storing the 
coating material prepared by mixing each of the 
coating material ingredients previously and then de- 
livering the same to the coating machine or the coat- 
ing material tank, and comprises a valve unit formed 25 8. 
with a switching valve for opening channel switch- 
ing by opening/shutting coating material ingredient 
filling channels for filling each of the coating material 
ingredients to the measuring cylinder, a pre-mixing 
channel for joining each of the coating material in- 30 
gredients delivered from the measuring cylinder 
and in communication passing through the channel 
stirring pre-mixer to the transfer cylinder, and a 
coating material feed channel for feeding the coat- 
ing material from the transfer cylinder by way of the 35 
jetting diffusion mixer. 

A coating materia! feeding apparatus as defined in 
claim 1 , comprising a switching valve formed for 
conducting channel switching by opening/shutting 40 
the coating material ingredient filling channel and 
the pre-mixing channel simultaneously and alter- 
nately, and opening/shutting the coating material 
feed channel corresponding to the opening/shutting 
of the coating material ingredient filling channel syn- 45 
chronously therewith. 

A coating material feeding apparatus as defined in 
claim 1, wherein the measuring cylinder and the 9. 
transfer cylinder are driven by the pressure of the so 
hydraulic fluid, the feed channel and the discharge 
channel of the hydraulic fluid are switched by the 
switching valve. 


A coating material feeding apparatus as defined in 
claim 1 , wherein the hydraulic fluid is a liquid used 
as one of the coating material ingredients or water. 


A coating material feeding apparatus as defined in 
claim 1 , wherein the coating material ingredient fill- 
ing channel, the pre-mixing channel and the coating 
material feed channel are formed in each of the 
measuring unit, the storage unit and the valve unit 
such that they are in communication by mounting 
the measuring unit and the storage unit to the valve 
unit. 


10 6. A coating material feeding apparatus as defined in 
claim 5, wherein the feed channel of the hydraulic 
fluid for driving the transfer cylinder is in communi- 
cation between the valve unit and the storage unit 
by way of pipelines. 


A coating material feeding apparatus as defined in 
claim 1 , wherein the measuring cylinder comprises 
two or more barrels for individually filling the coating 
material ingredients each by an amount corre- 
sponding to the mixing ratio thereof, and each of 
pistons for delivering the coating material ingredi- 
ents filled in each of the barrels is driven by a single 
driving double acting cylinder. 

A coating material feeding apparatus as defined in 
claim 1 , wherein the apparatus comprises a meas- 
uring completion detection sensor that detects the 
completion for the filling of the main agent and the 
curing agent to the measuring cylinder, a storage 
completion detection sensor for detecting the com- 
pletion of the delivery of the main agent and the cur- 
ing agent from the measuring cylinder and comple- 
tion of the storage to the transfer cylinder, and a dis- 
charge completion detection sensor for detecting 
the completion of discharge of the coating material 
from the transfer cylinder and also comprises a 
valve driving device for operating the switching 
valve so as to shut the coating material ingredient 
filling channel and the coating material feed channel 
and open the pre-mixing channel when the filling of 
the coating material ingredients to the measuring 
cylinder is completed and discharge of the coating 
material from the transfer cylinder is completed, and 
so as to open the coating material ingredient filling 
channel and the coating material feed channel and 
shut the pre-mixing channel when storage to the 
transfer cylinder is completed. 


A coating material feeding apparatus as defined in 
claim 1, wherein the channel stirring pre-mixer is 
comprised of a static mixer in which mixing ele- 
ments are formed to the mixer mounting portion 
formed to the premixing channel from the switching 
valve to the transfer cylinder, and the mounting por- 
55 tion is formed by stacking face plates each having 
concave grooves formed by bisecting the same. 

10. A coating material feeding apparatus as defined in 
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claim 9, wherein the mixing elements are inserted 
into a tube and disposed to the mixer mounting por- 
tion. 

11. A coating material feeding apparatus as defined in 5 
claim 1 , wherein a mixing promotion orifice is dis- 
posed to one or both of the pre-mixing channels 
from the channel stirring pre-mixer to the transfer 
cylinder and the coating material feed channel from 

the transfer cylinder to the jetting diffusion mixer. 10 

12. A coating material feeding apparatus as defined in 
claim 1 , wherein in a case where one of the coating 
material ingredients Is a dispersion system in which 

a dispersing material is dispersed in a dispersant, is 
a pre-stirring chamber having a non-blowing stirrer 
is interposed in a channel from feed sources of the 
coating material ingredients to the measuring cylin- 
der, and the non-blowing stirrer is formed with a 
centrifugal stirring channel between plural of rota- 20 
tional discs attached each at a predetermined dis- 
tance to a rotational shaft for decreasing the diam- 
eter of the dispersed particles of the coating mate- 
rial ingredients from the central suction port on the 
side of the bottom face to the blowing port at the 25 
outer circumferential surface. 

13. A coating material feeding apparatus as defined in 
claim 1 , wherein the channel for each of the coating 
material ingredients at the junction point of the pre- so 
mixing flow channel for joining each of the coating 
material ingredients delivered from the measuring 
cylinder at the upstream of the channel stirring pre- 
mixer and guiding the same to the transfer cylinder 

is formed to a cross sectional area ratio equal with 35 
the mixing ratio between the coating material ingre- 
dients. 

14. A coating material feeding apparatus of feeding a 
coating material formed by mixing two or more kinds *o 
of coating material ingredients at a predetermined 
ratio to a coating machine or a coating material tank 
equipped for mounted detachably to the coating 
machine, in which the coating material feeding ap- 
paratus comprises a measuring cylinder for deliver- 

ing the coating material ingredients each by an 
amount in accordance with the mixing ratio individ- 
ually and simultaneously, a pre-mixer pre-mixing 
the coating material ingredients delivered from the 
measuring cylinder and passed through it, a trans- so 
fer cylinder for delivering the coating material pre- 
pared by mixing each of the coating material ingre- 
dients by said pre-mixer to the coating machine or 
the coating material tank, and a jetting diffusion mix- 
er diffusing uniformly the coating material by pres- ss 
sure of the same feeding from the transfer cylinder. 

15. A valve unit for conducting channel switching for 
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coating material ingredients and a coating material 
in communication with a measuring unit having a 
measuring cylinder for delivering two or more kinds 
of coating material ingredients each in an amount 
in accordance with the mixing ratio thereof individ- 
ually and simultaneously, and a storage unit for stor- 
ing a coating material formed by pre-mixing each of 
the coating material ingredients and then delivering 
the same to a coating machine or a coating material 
tank, which is formed with a switching valve for per- 
forming channel switching by opening/shutting 
coating material ingredient filling channels for filling 
each of the coating material ingredients to the 
measuring cylinder, a pre-mixing channel for joining 
each of the coating material ingredients delivered 
from the measuring cylinder and in communication 
passing through the channel stirring pre-mixer to 
the transfer cylinder and a coating material feed 
channel of feeding the coating material from the 
transfer cylinder 4 to the jetting diffusion mixer. 

16. A valve unit as defined in claim 15, wherein the 
switching valve formed to the valve unit comprises 
coating material ingredient spools for opening/clos- 
ing each of the coating material ingredient filling 
channels simultaneously and alternately and a 
coating material spool for opening/ shutting the 
coating material feed channel and each of the 
spools is driven by a driving double acting cylinder. 

1 7. A valve unit as defined in claim 1 6, wherein the pre- 
mixing channel opened/shut by the spool for each 
of the coating material ingredient spools is formed 
so as to be in communication from one end of the 
slide hole thereto to the transfer cylinder, and one 
end of the spool for each of the coating material in- 
gredient spools is provided with a poppet which is 
abutted against the valve seat formed on one end 
of the slide hole to close a gap between the spool 
and the slide hole when the spool is pulled by the 
piston toward the other end. 

18. A valve unit as defined in claim 17, wherein the 
spool for each of the coating material ingredients is 
attached to a piston of the valve driving double act- 
ing cylinder by way of a tension dispersible trans- 
mission mechanism for pulling each of the spools 
individually till all the poppets formed to respective 
spools are closed. 

19. A valve unit as defined in claim 16, wherein a liquid 
pressure seal is formed at the gap between the 
spool of the switching valve adapted to switch the 
feed channel and the discharge channel of the hy- 
draulic fluid for driving the measuring cylinder and 
the transfer cylinder and the spool slide hole of the 
switching valve for exuding the hydraulic fluid from 
the feed channel and the discharge channel of the 


14 


EP 1 346 761 A2 



!8 


hydraulic fluid to seat the gap by the hydraulic fluid. 
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